derivative of 1,2-dithiole-3-thione, is a potent inducer of these Oltipraz (OPZ) is a potent chemopreventive agent against enzymes. Recently, we demonstrated that OPZ can also affect chemically-induced carcinogenesis in several animal the activity of cytochrome P450 enzymes. It has a strong models. It affects the expression and/or activity of inhibitory effect on CYP1A2 and 3A4 in primary human xenobiotic-metabolizing enzymes and its effects are altered hepatocyte cultures (10) and increases the levels of CYP1A1 in the course of inflammation in liver. The present study and CYP2B1/2 mRNA in the rat after transiently inhibiting was undertaken to analyse the effect of OPZ alone or in their activities in the early stages of treatment (11). Thus both combination with Escherichia coli lipopolysaccharide (LPS)
inhibition of CYPs and induction of electrophile detoxification on the expression and activities of glutathione S-transenzymes are likely to contribute to chemoprevention by OPZ.
ferases (GSTs) and cytochrome P450 (CYPs) in rat lung
Although most tissues possess lower levels of carcinogenand kidney. Male Wistar rats were fed a diet containing metabolizing enzymes than the liver, it is becoming increas-OPZ for 1-5 days. LPS was injected 24 h before the end ingly evident that extrahepatic metabolism of carcinogens of OPZ treatment (from 48 to 72 h). Total GST activity, can modify their bioactivity. Thus, intestinal and pulmonary measured using 1-chloro-2,4-dinitrobenzene as a substrate, detoxification enzymes could represent the first body protection increased slightly in both lung and kidney during OPZ against harmful agents. The kidney is also a key organ for the treatment. As previously demonstrated in the liver, OPZ elimination of noxious agents, but only few data are available induced rat GSTP1 in both kidney and lung and this effect on the effects of dithiolethiones on renal xenobiotic-metabolizwas totally (kidney) or partially (lung) inhibited by coing enzymes (12). Moreover, most of these reports have treatment with LPS. CYP1A expression and activity were focused on the effects of dithiolethiones on phase II enzymes strongly increased in both tissues 24 h after starting OPZ (12), and few studies have been performed on the modulation treatment and maintained for 5 days. This increase was of CYP enzymes by these compounds in kidney and lung. suppressed during the acute-phase response to endotoxin.
The expression or activities of drug-metabolizing enzymes OPZ has no effect on CYP2B1 mRNA expression in the can be altered by environmental, genetic or physiopathological lung, but it dramatically decreased the amount and activity factors. Recently, we have demonstrated that the effect of OPZ of the corresponding apoprotein. The OPZ-dependent is altered in the course of inflammation induced by Escherichia decrease in the CYP2B1 apoprotein was abolished and coli lipopolysaccharide (LPS), a classical inducer of the acute its corresponding activity partially reversed during LPS phase response (13). A strong increase in rGSTA1/2, rGSTM1, treatment. In reconstitution experiments using cytosol from rGSTP1, CYP1A2 and CYP2B1/2 was observed in rat liver OPZ-treated or control rat lungs and microsomal fractions, after 3 days' treatment with OPZ, but the induction of these CYP2B1 apoprotein was rapidly degraded in the presence enzymes was suppressed at the mRNA, protein and activity of cytosol from treated rats. This effect was partially levels during the acute phase response to endotoxin (13). A reversed in the presence of MG132, a proteasome inhibitor.
number of physiopathological situations are known to impair These observations support the conclusion that the decrease the balance between activation and detoxification of carcinoof CYP2B1 by OPZ involves proteasome-dependent gens and other chemicals. Moreover, epidemiological studies degradation and represents a new mechanism of regulation indicate that chronic inflammation associated with ulcerative by this compound.
colitis, gastritis or hepatitis manifested during bacterial, parasitic or viral infections is linked to increased risk of development of malignant neoplasms (14-16). These latter Introduction physiopathological situations have been reported to be associated with a decreased capacity to metabolize drugs, as The dithiolethiones (constituents of cruciferous vegetables) evidenced by lower rates of elimination (17). Such situations and their synthetic analogues inhibit tumorigenesis elicited by might, therefore, interfere with the effects of OPZ, so there is different classes of carcinogens targeting the breast (1,2), a need to investigate the effect of OPZ in both normal and lymph (2) , forestomach and lung (3), colon (4), liver (5), skin pathological situations. (6), pancreas (7), trachea and bladder (1) in rodents. One
In this study, we examined the effect of OPZ on CYPs and GSTs in rat kidney and lung. We also determined whether 
Materials and methods

Chemicals
Animals and treatments
Male Wistar rats (~180 g) were fed for 1-5 days with a diet (AO4; Centre d'Elevage Janvier, Le Genest, France) supplemented with OPZ to a final concentration of 0.075% (w/w). Two series of experiments were performed. The first one was designed to analyse the expression and activities of CYPs and GSTs after treatment with OPZ for 1-5 days and the second one to compare the response of these enzymes to OPZ in the presence or absence of LPS. LPS was dissolved in 0.9% sterile NaCl and injected intraperitoneally at 1 mg/kg body wt, 24 h before the end of a 72 h OPZ treatment. The amount of OPZ ingested by each animal was estimated by weighing the food every day. For the first series of rats the food intake was 25 g/day. In the second series of rats the food intake of each animal was lower: 14 g/day for control and oltipraz-treated rats and 13 g/day for LPS-treated rats. All control animals received only vehicle, by the appropriate route. Four animals were Fig. 1 Church and Gilbert (19) . Membranes were washed with 3ϫSSC/0.1% sodium dodecyl sulfate (SDS) for 30 min and then twice with 1ϫSSC/0.1% SDS for 10 min at 65°C. A rat lung microsomes. CYP2B1 degradation was determined using 50 µl of reac-GSTA1/2-specific cDNA probe was generated by reverse transcriptiontion mixture consisting of 50 mM Tris-HCl pH 7.9, 10 mM MgCl 2 , 2 mM ATP, polymerase chain reaction (RT-PCR) using total RNA isolated from rat liver 1 mM creatine phosphate, 40 µg/ml creatine phosphokinase, 5 mM dithiothreitol (20). The other probes used were rGSTP1 (21), CYP1A2 (22) and CYP2B (DTT), 0.1 mg ubiquitin and 10% glycerol, in the presence of 5 µg microsomes (23). cDNA probes were 32 P-labelled by random priming using a Rediprime and 200 µg cytosol. Reactions were incubated at 37°C for 1 h; the tube was then labelling kit (Amersham).
placed on ice immediately to stop the reaction. The incubation mixture was An oligonucleotide specific for the 18S ribosomal RNA was 32 P-labelled subjected to electrophoresis and probed with the anti-CYP2B antibody as outand used as a control, as previously described (24) . Relative amounts of lined under 'Western blot immunoassays'. mRNA were determined by densitometry (Densylab; Microvision Instruments, Evry, France).
Statistical analysis Preparation of microsomal and cytosolic fractions
Numerical values are expressed as the mean Ϯ SD. The Student's t-test was used. Significance was set at a limit of Ͻ5% for the test. Specific sets used After animals had been killed, the lungs and kidneys were removed, frozen for comparisons are described in the figure legends. in liquid nitrogen and stored at -70°C. Microsomes and cytosols were prepared by differential centrifugation and stored at -70°C prior to enzyme analysis, immunoblotting and protein degradation assays.
Results
Enzyme assays
Effects of OPZ on GST and CYP activities in rat lung and kidney
GST activities were determined in cytosolic fractions as described by Habig and Jakoby (25) using 1-chloro-2,4-dinitrobenzene (CDNB), a substrate for
The effects of OPZ on GST activity in cytosols from kidneys most GST subunits. This activity was related to total cellular or cytosolic and lungs of male rats over a 120 h period are shown in incubations were done at room temperature for 2 h. Peroxidase activity was OPZ significantly increased EROD activity in rat kidney after detected using an ECL western blotting detection system (Amersham).
24 h (1.6-fold; PϽ0.05) and 120 h (1.7 fold, PϽ0.05), while
In vitro assay for CYP2B1 degradation CYP2B1/2 activity was undetectable in this tissue in both
The 105 000 ϫ g supernatant (cytosol) was prepared by differential centrifugation from control or OPZ-treated rat lungs and used in an assay with uninduced control and treated rats. and CYP2B. A significant increase in mRNA rGSTP1 levels (2.5-fold; PϽ0.001) was observed in the lungs of rats treated with OPZ for 72 h (Figure 2A ). An increase in the amount of this transcript was also observed in rat kidney after OPZ Effects of LPS on CYP and GST expression and activities in treatment (4-to 6-fold after 24 and 120 h, respectively; Figure  lung and kidney of both control and OPZ-treated rats 2B). While rGSTA1/2 mRNA was undetectable in rat lung, LPS was injected intraperitoneally at 1 mg/kg and its its expression in kidney was augmented by a factor of 1.5-to effects were analysed 24 h later (between 48 and 72 h for 2-fold after treatment with OPZ for 96 and 120 h, respectively OPZ-treated rats). Such experimental conditions have been (PϽ0.05; Figure 2B ). previously shown to mimic an acute-phase response typical of CYP2B steady state mRNA levels in the lungs of OPZbacterial infection (29). While LPS alone had no effect on treated rats were the same as those in controls ( Figure 2C ).
basal GST activity in both lung and kidney, OPZ induction of In contrast, CYP1A mRNA expression was highly induced this activity in kidney was reduced after endotoxin treatment (8-fold; PϽ0.05) in this tissue after 24 h treatment with OPZ.
(PϽ0.05) ( Figure 4A ). Under these conditions of treatment, This induction was maintained until 120 h of treatment (11-fold; OPZ induction of rGSTP1 mRNA in kidney was abolished PϽ0.01). The level of this transcript was also increased in rat 24 h after LPS injection ( Figure 4B ). In contrast, neither basal kidney after 24 h of treatment with OPZ ( Figure 2D ).
nor OPZ-induced rGSTP1 mRNA levels were affected by LPS Effects of OPZ on CYP2B proteins in rat lung treatment in lung ( Figure 4B ). Regarding CYP activities, pulmonary EROD (CYP1A) and In order to determine whether the decreased PROD activity PROD (CYP2B1) activities were reduced by 3-fold and 1.5-was a consequence of the decrease in CYP2B apoprotein fold respectively compared with the controls 24 h after content or resulted from inhibition of the corresponding administration of LPS alone ( Figures 5 and 6C respectively) . activity, we performed a western blot with an anti-CYP2B
The increase in CYP1A activity in the lung in the presence of antibody on microsomes isolated from control and OPZ-treated OPZ was abolished after endotoxin treatment ( Figure 5 ). The rat lungs. This analysis showed that in the lungs of treated OPZ-dependent decrease in CYP2B1 apoprotein was abolished rats, there was only 25% of the amount of CYP2B found in and its corresponding activity partially reversed 24 h after LPS controls (Figure 3 ). Since CYP2B2 is not detectable in rat injection in the lungs of OPZ-treated animals, while CYP2B1 lung (27, 28) , this decrease in CYP2B apoprotein in the lungs transcripts remained unaffected by endotoxin treatment of OPZ-treated rats probably represented a loss of constitutively expressed CYP2B1.
( Figure 6 ).
whether this mechanism is responsible for the degradation of pulmonary CYP2B1 apoprotein in OPZ-treated rats, we incubated microsomes with cytosols isolated from both control and OPZ-treated rat lungs. Degradation of CYP2B1 apoprotein was increased when incubation was performed with OPZtreated rat lung cytosols ( Figure 7A ). Addition of MG123, a proteasome inhibitor, partially stabilized CYP2B1 ( Figure 7B ).
Discussion
The induction of detoxication enzymes is a significant Fig. 4 subunits are strongly induced in liver by OPZ (13, 35, 37, 38) . Analysis of OPZ-treated rat lung and kidney showed that total GST activity, measured with CDNB as a substrate, is only slightly increased in both tissues. Northern blotting showed that rGSTP1 mRNA expression is increased in both lung and kidney of treated rats, while rGSTA1/2, undetected in lung, is significantly increased in kidney only after 96 h of treatment with OPZ. A previous study investigated the effect of 1,2-dithiole-3-thione and its synthetic derivative, OPZ, on GST subunit content in Fisher rat tissues (12). An increase in rGSTP1 in both lung and kidney of treated rats was demonstrated while rGSTA1 and rGSTA2 were slightly augmented only in kidney.
Our results showing the effect of OPZ on both total GST activity and mRNAs encoding rGSTP1 and rGSTA1/2 in these two tissues confirm and extend previous work of Meyer et al. (12) . Recently, we have demonstrated that the effect of OPZ on hepatic GSTs is altered in the course of LPS-induced inflammation (13,20). Indeed, OPZ induction of hepatic rGSTA1/2 and rGSTP1 expression was inhibited at the mRNA level when rats were administered LPS simultaneously. As observed in the liver, 24 h treatment with LPS reduced the effects of OPZ on both CDNB activity and rGSTP1 mRNA 
OPZ-induced GSTs by LPS may involve proinflammatory
Microsomes were prepared from lung and kidney samples and EROD cytokines, since interleukin 1, which is considered to be one in the liver, our results clearly demonstrate that OPZ increases the levels of GSTs in lung and kidney; this effect is completely Cytosol-dependent proteolytic loss of lung microsomal or partially inhibited during the inflammation process in CYP2B1 these tissues. In contrast with GSTs, which are concomitantly induced by The rapid loss of lung CYP2B1 after OPZ treatment suggested a series of specific intracellular events that might target this OPZ in lung, kidney and liver, this chemopreventive agent shows different effects on CYP1A and CYP2B depending on CYP for rapid proteolysis. Recent studies have shown that the ubiquitin-ATP-dependent 26S proteasomal system is involved the target tissue. Previously, we demonstrated that OPZ is an early inhibitor of CYP1A and CYP2B activities, two enzymes in degrading specific CYPs (30-32) . In order to determine as observed with GSTs, OPZ augmented CYP1A expression and activity in both lung and kidney and this increase was abolished after endotoxin treatment.
OPZ had a novel effect on pulmonary CYP2B1: we describe herein a previously unknown mechanism of OPZ. While CYP2B1 steady-state mRNA levels remained unaffected by OPZ, whatever the time of treatment, we observed a dramatic decrease in the corresponding apoprotein and activity (PROD) 24 h after OPZ treatment, suggesting the involvement of a post-transcriptional mechanism. The rapid loss of pulmonary CYP2B1 during OPZ treatment led us to further investigate the mechanism responsible for this degradation. Multiple proteolytic mechanisms for CYP degradation apparently exist, (43-45) or possibly by the proteasome (44, 46) . In contrast to the normal in vivo turnover of native CYP2B1, which is involved in hepatic activation of aflatoxin B 1 , both in vivo and lysosomal, Korsmeyer et al. (32) demonstrated that heme of in vitro (11). However, this inhibition of CYP1A and CYP2B modification purified CYP2B1 by cumene hydroperoxide leads enzymatic activities with OPZ was followed by an induction to the degradation of this protein and involves both ubiquitinas shown by the increased levels of their mRNAs and of ation and proteolytic degradation by the 26S proteasome. caffeine metabolism in vivo after 24 h or more (11,13). In the Moreover, a previous study demonstrated differences in the present study we demonstrate that CYP1A steady-state mRNA CYP2B1 mRNA and apoenzyme expression levels in freshly levels are augmented in both lung and kidney as early as after isolated and cultured Clara cells and type II alveolar cells 24 h of treatment with OPZ. The mechanism responsible for (47), the two major cell types which express CYPs in lung. this increase of CYP1A transcript levels is not yet known. A While mRNA levels remained constant throughout the culture transcriptional mechanism is probably involved since the period, the apoenzyme level of CYP2B1 decreased in culture increase in CYP1A mRNA is associated with transcriptional suggesting the existence of a post-transcriptional regulatory activation of the corresponding gene in liver of rats treated mechanism for CYP2B1 expression in lung cells. with OPZ (13). CYP1A mRNA induction was associated Taken together, these observations led us to investigate with an increase in the corresponding activity, namely the whether the rapid degradation of CYP2B1 apoprotein in OPZdeethylation of resorufin. However, when animals were treated treated rat lungs involves the proteasome system. Incubation with both LPS and OPZ, induction of EROD by OPZ was of microsomes with cytosols isolated from OPZ-treated rat lungs results in a substantial CYP2B1 degradation, which is completely abolished in lung. Thus, our results indicate that, oxopropyl)amine (BOP)-induced ductal pancreatic carcinoma development partially inhibited by MG123, a proteasome inhibitor. These and effects on survival of Syrian golden hamsters. Modulation of glutathione S-transferase subunits A2, M1, and P1
